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5-311346 

[Title of the Invention] FERRITE HEAT RESISTING STEEL HAVING HIGH CREEP 

STRENGTH 

[Abstract] 

[Object] 

The present invention provides Cr-containing, W-added ferrite steel for boiler 
steel pipe having creep rupture property and toughness at a high temperature. 
[Constitution] 

Ferrite heat resisting steel excellent in strength at a high temperature and 
toughness, characterized by containing % by weight of C: 0*01 to 0.15%, Si: 0.01 to 0.80%, 
Mn: 0.05 to 1.50%, Cr: 8.00 to 13.00%, W: 0.05 to 4.00%, V: 0.05 to 0.50%, Nb: 0.02 to 
0.15%, Al: 0.002 to 0.050%, and N: 0.010 to 0.110%; containing at least one or two of Co: 
0.01 to 5.00%, and Cu: 0.01 to 5.00%; or containing further B: 0.001 to 0.030%; and 
satisfying a relational expression of 1.5W - 2Co - Cu < 40C + SON by the W, Co, Cu, C 
and N in the above-described constituent range. 
[Scopes of the Patent Clauns] 
[Claim 1] 

Ferrite heat resisting steel excellent in strength at a high temperature and 
toughness, characterized by containing % by weight of: 
C: 0.01 to 0.15%, 
Si: 0.01 to 0.80%, 
Mn: 0.05 to 1.50%, 
Cr: 8.00 to 13.00%, 
W: 0.05 to 4.00%, 
V: 0.05 to 0.50%, 
Nb: 0.02 to 0.15%, 
Al: 0.002 to 0.050%, and 
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N: 0.010 to 0.110%; 
containing further at least one or two of 

Co: 0.01 to 5.00%, and 

Cu: 0.01 to 5.00%; 
restricting 

P: 0.030 or less, 

S: 0.010% or less, 

O: 0.015% or less, and the remainder being Fe and inevitable impurities; and 
satisfying a relational expression of 1.5W - 2Co ~ Cu < 40C + 30N by the W, Co, Cu, C 
and N in the above-described constituent range. 
[Claim 2] 

Ferrite heat resisting steel excellent in strength at a high temperature and 
toughness, characterized by containing % by weight of: 

C: 0.01 to 0.15%, 

Si: 0.01 to 0.80%, 

Mn: 0.05 to 1.50%, 

Cr: 8.00 to 13.00%, 

W: 0.05 to 4.00%, 

V: 0.05 to 0.50%, 

Nb: 0.02 to 0.15%, 

Al: 0.002 to 0.050%, and 

N: 0.010 to 0.110%; 
containing further at least one or two of 

B: 0.001 to 0.030%, 

Co: 0.01 to 5.00%, and 

Cu: 0.01 to 5.00%; 
restricting 
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P: 0.030 or less, 
S: 0.010% or less, 

O: 0.015% or less, and the remainder being Fe and inevitable impurities; and 
satisfying a relational expression of 1.5W - 2Co - Cu < 40C + 30N by the W, Co, Cu, C 
and N in the above-described constituent range. 
[Detailed Description of the Invention] 
[0001] 

[IndustriaUy Applicable Field] 

The present invention relates to ferrite heat resisting steel, and more particularly 
to Cr-containing ferrite steel for boiler steel pipe having creep rupture property and 
toughness at a high temperature. 
[0002] 
[Prior Art] 

In recent years, the realization of high temperature and high pressure under 
steam conditions is intended in view of improving heat efficiency in thermal power 
generation. In this respect, a project for elevating the present supercritical pressure 
conditions to ultra-supercritical pressure conditions through intermediate steps is 
propelled. According to circumstances of such power generation conditions, it is difficult 
to apply 2 1/4 Cr-1 Mo steel which is used at present in case of selecting materials for 
boiler pipes and the like in view of resistance to oxidation and strength at elevated 
temperature. On the other hand, it is considered that austenitic heat resisting steel is 
applied, but there are a cost problem and the like. In these circumstances, developments 
for ferrite heat resisting steel having high strength and high toughness which is positioned 
in between both the above-mentioned steels. 
[0003] 

In view of the circumstances as mentioned above, new types of steel having 
remarkably higher creep rupture strength than that of a conventional material are 
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developed and proposed. Although high Cr ferrite heat resisting steels such as 9 Cr-1 Mo 
steel and 9 Cr-2 Mo steel have been heretofore proposed, it is difficult to apply any of 
these steel materials under the above-described ultra-supercritical pressure conditions in 
view of the creep rupture strength. There is disclosed in Japanese Patent Application 
Laid-Open Nos. 61-69948, 61-231139, 62-297435, and 62-297436 that steel the demand 
characteristic of v^hich are improved is developed, vi^hereby a relationship between 
amounts of (Mo + W) and Nb is established to improve creep characteristics and 
toughness. Moreover, it is also disclosed in Japanese Patent Application Laid-Open No. 
63-89644 that addition of W and Nb in the optimum range is effective for improving creep 
strength. 
[0004] 

Although these steels are those which are prepared by adding W to a 
conventional heat resisting steel to elevate dramaticaUy creep strength due to solute 
strengthening and deposition strengthening, there is a lack for consideration of toughness. 
[0005] 

[Problem to be Solved by the Invention] 

In view of the circumstances, an object of the present invention is to provide 
ferrite heat resisting steel having high strength and high toughness, which can be used in 
ultra-supercritical pressure boilers and the like. 
[0006] 

[Means for Solving the Problem] 

In order to achieve the above-mentioned object, the present invention provides 
ferrite heat resisting steel being excellent in high temperature strength and toughness 
wherein an alloy component is optimized, an application amount of W is also optimized, 
and Co and Cu are used actively. Namely, the subject matter of the invention is as 
follows. 
[0007] 
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Ferrite heat resisting steel excellent in strength at a high temperature and 
toughness, characterized by containing % by weight of: 
C: 0.01 to 0.15%, 
Si: 0.01 to 0.80%, 
Mn: 0.05 to 1.50%, 
Cr: 8.00 to 13.00%, 
W: 0.05 to 4.00%, 
V: 0.05 to 0.50%, 
Nb: 0.02 to 0.15%, 
Al: 0.002 to 0.050 % , and 
N: 0.010 to 0.110%; 

containing further at least one or two of 

Co: 0.01 to 5.00%, and 

Cu: 0.01 to 5.00%; 

restricting 

P: 0.030 or less, 

S: 0.010 % or less, 

O: 0.015% or less, and the remainder being Fe and inevitable impurities; and 
satisfying a relational expression of 1.5W - 2Co - Cu < 40C + 30N by the W, Co, Cu, C 
and N in the above-described constituent range. 
[0008] 

Ferrite heat resisting steel excellent in strength at a high temperature and 
toughness, characterized by containing % by weight of: 
C:0.01 to 0.15%, 
Si: 0.01 to 0.80%, 
Mn: 0.05 to 1.50%, 
Cr: 8.00 to 13.00%, 
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W: 0.05 to 4.00%, 
V: 0.05 to 0.50%, 
Nb: 0.02 to 0.15%, 
Al: 0.002 to 0.050%, and 
N: 0.010 to 0.110% ; 

containing further at least one or two of 

B: 0.001 to 0.030%, 

Co: 0.01 to 5.00%, and 

Cu: 0.01 to 5.00%; 

restricting 

P: 0.030 or less, 

S: 0.010% or less, 

O: 0.015% or less, and the remainder being Fe and inevitable impurities; and 

satisfying a relational expression of 1-5W - 2Co - Cu < 40C + 30N by the W, Co, Cu, C 

and N in the above-described constituent range. 

[0009] 

[Functions] 

In the following, reasons for restricting the respective components of the present 
invention will be described. C is deposited primarily in the form of carbides of MC (M 
designates an alloy element, and those designated below are the same) and M23C6 types, 
whereby strength and toughness of the resulting steel are influenced remarkably by these 
C-component. When an application amount of C is less than 0.01 % , an amount of 
deposition is small so that it is insufficient for intensifying deposition, while when an 
application amount is more than 0.15%, toughness decreases, besides macroaggregation of 
carbides is promoted, whereby creep rupture strength on a side of high temperature and 
long period of time decreases. Thus, the application amount of C is limited to 0.01 to 
0.15%. 
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[0010] 

Although Si is added for achieving deoxidation effect, strength assurance, and 
oxidation resistance, toughness is affected adversely by Si. Accordingly, the lower limit 
of an application amount of Si is determined as 0.01 % in view of deoxidation, strength, 
and oxidation resistance, while the upper limit thereof is determined as 0.80% in view of 
toughness. Mn is an element which is required not only for deoxidation, but also for 
improvements in strength, and hence an amount of 0.05 % Mn at the minimum is to be 
added. However, since excessive addition thereof results in deterioration of strength at 
elevated temperature and toughness, so that the upper limit thereof is restricted to 1.50 % . 
[0011] 

Cr is an indispensable element to assure oxidation resistance at elevated 
temperature and has an effect for depositing M23C6 type carbides in a matrix, whereby 
strength at elevated temperature is elevated. When an application amount of Cr is less 
than 8.0%, oxidation resistance at elevated temperature becomes insufficient, so that 
strength at elevated temperature decreases also. On the other hand, when the 
application amount of Cr is more than 13.00%, it becomes difHcult to suppress S-ferrite, 
whereby strength and toughness decrease, and thus, a Cr amount to be added is restricted 
to 8.00 to 13.00%. 
[0012] 

W contributes to solid strengthening and minute deposition of M23C6, besides 
macroaggregation of carbides is suppressed, whereby creep rupture strength on a side of 
high temperature and long period of time is remarkably elevated. An amount of W is 
required to be 0.05% at the minimum, but when the amount exceeds 4.00%, 5-ferrite and 
coarse Laves phase are produced easily, resulting in decrease of strength at elevated 
temperature and toughness, and accordingly, an application amount of W is restricted to 
0.05 to 4.00%. 
[0013] 
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V functions to be an element for intensifying deposition and it deposits minute 
carbonitrides, whereby strength at elevated temperature is increased. When an 
application amount of V is less than 0.05 % , sufficient effects cannot be obtained, while 
when the amount exceeds 0.50%, not only results in grain coarsening of V (C, N), but also 
decreases a C amount which can deposit as M23C6, whereby strength at elevated 
temperature is reduced. Thus, the amount of V is restricted to 0.05 to 0.50 % . Since Nb 
is deposited as a carbonitride which elevates strength at elevated temperature and 
improves toughness due to action of microstructural refinement, Nb is required to be 
0.02 % at the minimum. However, when it is excessively added at an amount more than 
0.15 % , Nb cannot be completely solid-solved in a matrix at a normalizing temperature, 
whereby sufficient strengthening effects cannot be obtained. Hence, an application 
amount of Nb is restricted to 0.02 to 0.15 % . 
[0014] 

Al is used for a deoxidizer and a content thereof influences remarkably crystal 
particle diameter and mechanical properties. When an amount of Al is less than 0.002 % , 
it cannot function as a sufficient deoxidizer, while the amount exceeds 0.050%, creep 
rupture strength decreases, so that the amount of Al to be added is restricted to 0.002 to 
0.050 % . N is one of important elements which deposits nitrides or carbonitrides to 
improve strength at elevated temperature. 0.010 % or more of an application amount of 
N exerts effects thereof, but when the amount exceeds 0.110%, it brings about not only 
coarsening of nitrides and decrease in toughness, but also manufacturing thereof becomes 
difficult. Hence, an application amount of N is limited to 0.010 to 0.110%. 
[0015] 

To use positively Co is one of significant characteristics of the present invention. 
Co is an element for producing austenite; it suppresses production of 5-ferrite, besides it 
stabilizes a deposit to improve strength at elevated temperature. When an application 
amount of Co is less than 0.01 % , the resulting effect is small, while when it exceeds 5.00 % , 
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a cost of the resulting product increases, and further embrittlement occurs easily, so that 

the application amount is limited to 0.01 to 5.00%. 

[0016] 

Cu is an austenite producing element and suppresses production of 5-ferrite. 
When an application amount of Cu is less than 0.01 % , the effects thereof is small, while 
when it exceeds 5.00%, embrittlement occurs easily, so that the amount is restricted to 
0.01 to 5.00%. Since B brings about grain boundary strengthening and deposition 
strengthening in the form of M23(C, B)^ and the like, strength at elevated temperature is 
improved. When an application amount of B is less than 0.001 % , the effect thereof is 
insufHcient, while when the amount exceeds 0.030%, a coarse B-containing phase arises, 
so that embrittlement occurs. Thus, the amount is limited to 0.001 to 0.030%. 
[0017] 

Since temper brittleness and reheat cracking sensitivity are adversely affected by 
P, the upper limit of an application amount thereof is 0.030 % . Since S leads to 
deterioration in toughness and increases in anisotropy and reheat cracking sensitivity, the 
upper limit of an application amount of S is limited to 0.010 % . Since O becomes a cause 
for producing an oxide by which toughness is adversely affected, the upper limit of an 
application amount of O is restricted to 0.015 % . 
[0018] 

Furthermore, an adequate balance among amounts of W, Co, and Cu is 
established in accordance with the present invention for obtaining a martensite 
single-phase texture wherein no 5-ferrite exists in order to improve creep rupture strength 
and toughness. In this respect, the present inventors have found that when W, Co, Cu, C 
and N in the above-described component ranges satisfy the following formula: 
1.5W - 2Co - Cu < 40C + 30N, 

production of 5-ferrite can be suppressed, and creep strength and toughness can be 
improved. 
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[0019] 

It is to be noted that since an object of the present invention is to provide heat 
resisting steel having high creep rupture strength, a variety of manufacturing methods 
and heat treating methods may be applied in response to intended purposes* However, it 
is also to be noted that any of advantageous effects of the invention is not counteracted by 
the application of these methods. The steel of the present invention may be provided in 
the form of not only steel pipe, but also a plate and a sheet* Such steel may be used in a 
variety of forms in heat resisting materials by the use of a plate which is the one hot-rolled 
without applying any other treatment, or a plate to which a necessary heat treatment has 
been applied. As a result, the advantageous effects obtained by the present invention are 
never influenced. 
[0020] 

A variety of thermal treatments may be applied to the above-described steel pipes, 
plates, and heat resisting members having a variety of shapes in response to purposes and 
use applications, respectively. Besides, such thermal treatments are important for 
exerting sufficiently the advantageous effects of the present invention. Usually, although 
there are many cases in which a product is obtained through normalizing + tempering 
steps in the invention, in addition to these steps, quenching, tempering, and normalizing 
steps may be applied alone or in combination of them, and it is also useful. The 
above-mentioned steps may be applied such that any of these steps may be repeated over 
plural times within a range wherein sufficient developing of material characteristics is 
required. In this respect, however, no advantageous effects of the invention are 
influenced by the above-mentioned modifications. 
[0021] 

Accordingly, the above-mentioned steps may be arbitrarily selected to apply 
them to manufacturing processes of the steel according to the present invention. 
[0022] 
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[Examples] 

The steels of the invention (Nos. 1 to 7) and comparative steels (Nos. 8 to 10) 
having chemical compositions shown in table 1, respectively, were molten in a vacuum 
induction melting furnace to cast ingots having 20 1^ weight, respectively, and each of the 
resulting ingots was hot-rolled to obtain a plate having 15 mm thickness. Thereafter, the 
plate was normalized at lOSO^'C for 60 minutes, and tempered at TSO'^C for 60 minutes. 
Then, creep rupture test under two conditions of 600°C in 200 MPa and 650°C in 150 MPa 
were conducted with respect to the resulting sample plate, while Charpy impact test was 
conducted at O^C with respect to the sample plate aged after 3000 hours at 600°C. The 
results obtained are shown in table 2. As is apparent from the table 2, the steels of the 
present invention exhibit two to three times longer creep rupture time than that of 
comparative steels under all the conditions applied, and further Charpy absorbed energy 
of each of the present invention steels aged after 3000 hours at 600^ C is equal to or more 
than that of the comparative steels. Accordingly, it may be considered that the steels of 
the invention can be used at a higher temperature than that of prior art steels. 
[0023] 
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1.5W-2Co-Cu 
-40C-30W 


-8.04 


-4.23 


-8.93 


-0.70 


-5.88 


-12.86 


-4.50 


-1.26 


-2.17 


0.10 


PQ 


0.009 


1 


0.015 


1 


0.012 


0.020 


1 


0.053 


1 


1 




i 

0.076 


0.037 


0.057 


0.048 


0.060 


0.054 


0.049 


0.009 


0.029 


0.005 


< 


0.032 


0.012 


0.005 


0.022 


0.014 


900"0 


0.018 


0.052 


0.103 


0.033 


! 

Cu 


1 


1 


3.25 


0.90 


1.63 


1.05 


1.63 


2.03 




1 


Co 


4.41 


0.59 


1 


1 


1.17 


3.58 


1.17 


1 


2.21 




Nb 


0.05 


0.13 

i 
1 


0.06 


0.04 


0.03 


0.12 


0.12 


0.21 


0.28 


0.10 


> 


0.34 


0.21 


0.30 


0.26 


0.11 


0.19 


0.20 


0.22 


0.71 


0.25 




3.64 


1.64 


0.82 


3.23 


2.33 


1.18 


2.76 


2.56 


5.55 


1.23 


Cr 


8.35 


10.24 


11.94 


9.24 


10.12 


9.53 


10.48 


15.56 


11.78 


8.24 


Mn 


0.21 


1.07 


0.75 


0.46 


0.34 


0.82 


0.51 


0.80 


0.51 


1.87 




1 

0.29 


0.09 


0.38 


900 


0.21 


0.23 


0.49 


0.62 


0.15 


0.94 


u 


0.06 


0.11 


0.13 


0.08 


0.09 


0.12 


0.08 


0.07 


0.13 


0.04 








to 












OS 




1 
1 

The 
Present 
Invention 
Steels 


Comparative 
Steels 



[0024] 
[Table 2] 





Rupture Time (h) 


Charpy Absorbed Energy (J) 
at 0°C of Sample Aged after 
3000 h at 600°C 


600<*C, 200MPa 


650°C, ISOMPa 


The 
Present 
Invention 
Steels 


1 


11,776.2 


1,136.4 


94 


2 


10,054.2 


1,0023 


108 


3 


9,276.7 


978.3 


135 


4 


11,289.4 


1,098.7 


92 


5 


10,110.8 


1,087.6 


116 


6 


9,876.2 


962.6 


142 


7 


10,087.5 


1,046.2 


98 


Comparative 
Steels 


8 


5,730.1 


537.8 


101 


9 


6,739.5 


689.4 


67 


10 


4,987.2 


483.0 


113 



[0025] 

[Effect of the Invention] 

As mentioned above, the steel according to the present invention is the one which 
has achieved increase in strength at elevated temperature, whereby it can respond to 
tendencies of high temperature and high pressure required for equipment in comparison 
with conventional ferrite heat resisting steel. The steel of the invention is also excellent in 
practical characteristics such as toughness, so that the steel of the invention is applicable 
for a variety of fields such as ultra-supercritical pressure thermal power generation, and 
atomic power generation, whereby the invention can extremely advantageously contribute 
to industrial world. 
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